Summary. An attempt was made to demonstrate whether proteases administered locally to the ovarian follicle of the hen would result in its rupture. Using 'ovulation-suppressed' pullets prepared with a daily injection of PMSG, a large ovarian follicle was brought to the surface and treated with the enzyme solutions. When 'collagenase' and nonspecific proteases were injected into the follicle wall or applied on a small piece of filter-paper placed on the follicular surface, rupture was induced in almost all the follicles within 2 to 3 hr, whereas no rupture occurred in the follicles treated with hyaluronidase, lysozyme or saline solution. It is suggested that proteolytic enzymes might be involved in the mechanism of normal rupture of the ovarian follicle in the hen.
INTRODUCTION
Although it is well established that ovulation in vertebrates is under the control of the anterior pituitary, the mechanism of rupture of the ovarian follicle has not been clearly elucidated. On the basis of the results obtained mainly in mammals, it has been proposed that the tearing of the follicle wall results from increased follicular pressure caused by contraction of perifollicular muscle fibres, or by movement of fluid into the follicle, from necrotic changes, or from enzymatic degradation of follicular tissue (see Rondell, 1970) . In fowls, Gallus domesticus, Phillips & Warren (1937) suggested that the pressure resulting from the prolonged tension of the muscle fibres of the follicular membrane might be one of the factors responsible for ovulation. It has also been found in the hen that rupture can be induced in the follicle excised before the expected time of ovulation (Phillips & Warren, 1937; Neher, Olsen & Fraps, 1950; Ogawa & Nishiyama, 1969) . This finding indicates that an assumption involving the movement of fluid into the follicle to cause follicular rupture might be excluded. Nalbandov (1964) (Opel & Nalbandov, 1961 (Espey & Lipner, 1965; Espey & Rondell, 1968; Rondell, 1970) Corp.) were also used. The three kinds of proteases and lysozyme were dissolved in 0-9% saline solution, pH 7-2, adjusted with 1 N-NaOH to a given concentration (Tables 1 and 2 ). Hyaluronidase was dissolved in 0-9% saline solution, pH 5-3, acidified with 1 n-HCI to the concentration of 1 or 4 mg/ml.
The exposed follicles were treated with 0-1 ml of the enzyme solution by the following two methods: (1) injection into the deep or the shallow part of the intrafollicular wall (injection method-Exp. 1); or (2) dropping onto a small piece of filter-paper (about 2 10 mm) which was placed on the stigma or the non-stigma region of the follicle (filter-paper method-Exp. 2). In Exp. 1, the treated follicle was usually returned to the peritoneal cavity and observed for about 2 hr after the enzyme injection. Follicular rupture was indicated by tearing of the follicular membrane followed by an outflow of yolk material. If the follicle which received the enzyme solution did not rupture within the period of observation, it was checked again on the next day (about 20 hr after the injection). If no rupture had occurred by this time, the treatment given to the follicle was assumed to have no effect in causing rupture. In Exp. 2, the follicle treated with the enzyme was covered by a wet cloth to avoid drying and observed for about 3 hr after the application. Follicles which received 0-9% saline solution served as controls in both experiments. Experiment 2 (filter-paper method)
In the first trial of this experiment, Pronase and Collagenase were each applied simultaneously to two different sites of the follicle, one on the stigma and the other on the non-stigma region, at the same concentration. Rupture was induced fairly soon only at the site of application on the stigma in all the treated follicles, except for one in which no rupture occurred in any site during the observation period until 3 hr after the Collagenase treatment (Table 2) . By contrast, no sign of rupture was detected in the saline-treated controls.
In the second trial, the follicle was subjected to the simultaneous application of Pronase at three different concentrations, 1, 2 and 3 mg/ml, on three dif¬ ferent sites of the non-stigma region. Rupture was always observed at the site receiving 2 mg/ml solution (Table 2) .
In Trial 3, Pronase was administered simultaneously to two different sites on the follicle, one on the stigma with 1 mg/ml solution and another on the nonstigma region with 2 mg/ml solution. In this case, rupture was induced at the S. JVakajo et al. (Table 2 ). In general, when the filter-paper method was used, the period from the enzyme treatment to the occurrence of follicular rupture tended to be longer than with the injection method.
DISCUSSION
The ovarian follicles of the PMSG-pretreated birds used in the present work were maintained in a non-ovulating state for about 20 hr after enzyme ad¬ ministration because no rupture could be induced in any bird by 0-9% saline solution within that period. Proteolytic enzymes were shown to cause a rapid induction of follicular rupture in the hen when administered either by injection into the follicle wall or by infiltration from filter-paper pads.
It has not been clearly demonstrated that collagen fibres exist in the chicken ovarian follicle wall; however, the collagenase-induced rupture in this work might be attributed to the disintegrating action of the enzyme on the connective tissue in the follicle wall. Crude 'collagenase' (Worthington) used here con¬ tained not only collagenase but also pepsidase and trypsin-like substance. These contaminants probably also participated in the decomposition of the follicle wall. The other two preparations used in the present work, Pronase and Nagarse, which are non-specific proteases, were also effective in inducing rup¬ ture. In rabbits, Espey & Lipner (1965) In Exp. 1, deep injection of the enzyme appeared to be slightly more effec¬ tive in inducing rupture than shallow injection. The latter was probably made into the theca externa, judging from observation of diffusion of the enzyme to a wide area, while the deep injection was probably into the theca interna and/or stratum granulosum, judging from the more restricted spread of the injected solution. It is not possible, however, to determine whether the difference in effectiveness is due to the structural difference of the injected parts or to dif¬ ferent degrees of diffusion of the injected material.
In Exp. 2, the stigma was invariably found to be more responsive than the non-stigma region to the enzyme administration. It may be presumed that the stigma contains structural constituents which are relatively easily attacked and disintegrated by proteases. Thus, it is possible that proteolytic enzymes play a rôle in the mechanisms of follicular rupture in the hen ovary. Further studies, however, are required to ascertain precisely the mechanisms involved in follicu¬ lar rupture in the hen.
